Abstract Policy and decision makers dealing with environmental conservation and land use planning often require identifying potential sites for contributing to minimize sediment flow reaching riverbeds. This is the case of reforestation initiatives, which can have sediment flow minimization among their objectives. This paper proposes an Integer Programming (IP) formulation and a Heuristic solution method for selecting a predefined number of locations to be reforested in order to minimize sediment load at a given outlet in a watershed. Although the core structure of both methods can be applied for different sorts of flow, the formulations are targeted to minimization of sediment delivery. The proposed approaches make use of a Single Flow Direction (SFD) raster map covering the watershed in order to construct a tree structure so that the outlet cell corresponds to the root node in the tree. The results obtained with both approaches are in agreement with expert assessments of erosion levels, slopes and distances to the riverbeds, which in turn allows concluding that this approach is suitable for minimizing sediment flow. Since the results obtained with the IP formulation are the same as the ones obtained with the Heuristic approach, an optimality proof is included in the present work. Taking into consideration that the heuristic requires much less computation time, this solution method is more suitable to be applied in large sized problems.
Introduction
Fields like environmental conservation and land use planning often require locating optimal sites fulfilling particular criteria depending on the application field. That is the case of e.g. locating optimal sites for afforestation (Vanegas et al. 2008 ), for conservation planning (Church et al. 2003) , or for land allocation (Gilbert et al. 1985) . These examples are mainly dealing with allocation of compact patches maximizing the intrinsic suitability, but do not consider interactions between cells. Intrinsic Suitability refers to criteria where the selection of one cell as part of the solution does not change the suitability of the neighboring cells. Intrinsic suitability can be expressed for example as carbon sequestration levels achieved with a predefined reforestation strategy. There exist applications where selection of sites for reforestation is not only dealing with intrinsic suitability but also with Spatial Interaction (SI). According to the present knowledge, no contributions have been developed for the site allocation problem considering interactions between cells. In this sort of problems, SI implies that the inclusion of a cell as part of the solution modifies also the conditions of one or more neighboring cells. This behavior can be illustrated with an example where reforestation is meant for reducing sediment flow reaching the outlet of a watershed. When a cell is selected to be reforested, characteristics as sediment retention and transport will change, which in turn affects also the conditions of the neighborhood: less or more sediment is coming into neighboring cells. In this sense, the present work search for approaches answering the question: where are the best cells located to be reforested in order to minimize sediment flow reaching the outlet of a watershed?
During the last years, several simulations models have been developed in order to represent cells interaction. In this sense, particular attention was given to applications of Cellular Automata (CA) for simulating aspects related to flow transport, e.g. channels dynamic (Murray and Paola 1994), landscape evolution (Coulthard et al. 1999), hydrodynamics (Parsons and Fonstad 2007) , lava flow (Di-Gregorio and Serra 1999), soil erosion by water (D'Ambrosio et al. 2001) , sediment discharge and alluvial fan development (Coulthard et al. 2002) , amongst others. Nevertheless, according to the present knowledge, procedures searching for optimality have not been applied.
The ultimate objective of the present work is to adapt and implement concepts supporting CA models in order to develop a heuristic solution method for locating best cells to be reforested, i.e. cells where the parameters of their flow delivery function are modified for minimizing flow reaching the watershed outlet. Since flow is non-linear in nature, a piecewise linear convex function is applied to model flow delivery from a cell to one of its neighbors. The piecewise linear convex function needs two breakpoints in order to define three segments, in turn each segment is associated with a specific delivery factor. Breakpoints, segment factors, and flow production in a cell change when it is selected to be reforested and in the end reduce flow at the outlet. Since these changes affect neighboring cells (Spatial Interaction), an approach
